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Glycosa minoglycan (GAG) synthes is and compa rtmental-
iza tion were studied in populations of human neonatal ke-
ratinocy tes under conditions of prolifera tion and termina l 
differentiation in vitro. Following iso topic labeling with 
the precursors [3H]g lucosamine and e SSjsulfate, GAGs were 
extracted from the keratinocytes into several operationall y 
crea ted compartments associated with the cell s and extra-
cellular m atrix. C hondroitin sulfate and heparan sulfate 
accounted for the majority o f the in corporated label in all 
preparations. Alth ough total sulfated GAGs per culture 
increased from proliferative to differenti ated conditions, 
GAG content normalized to the DNA content of the cu l-
tures demonstrated the reverse trend . This was particularl y 
evident for the chondroitin sulfates, which declined 60-70% 
in the differentiated cultures. Furthermore, label incorpo-
ration into chondroitin and heparan su lfates revea led a rel-
H uman keratinocyte culture has provided in forma-tion releva nt to understandin g th e mechanisms of growth and differentiation of normal epidermis. Under th e appropriate conditi ons, cultured human neonatal fo res kin keratinocy tes display morph o-
logic markers o f differenti ation , including keratohya line g ranules, 
complete des mosomes, lamell ar granules, and cornified envelopes 
[1]. Biochemi cal markers of differentiation, including profi lag-
grin, the high-M, precursor of fila ggrin, and the 67 kD keratin, 
ca n be correlated w ith these morphologic markers /"1 ,2]. The 67 
kD keratin [2,3] and profila ggrin [2] arc expressed onl y after 
cultured keratinocytes beco me confluent, suggesting that sub-
confluent keratinocytes are less well differentiated than confluent, 
less rapidly proliferating keratinocytes . Other biochemica l changes 
during differentiation have been clearl y delinea ted with this cul-
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Abbreviations: 
DPM: disintegratio ns per minute 
EGTA: ethylene g lyco l bis(beta-a l11inoethyl ether) N ,N '-tetraacetic 
acid 
G AG: g lycosa minoglycan 
SAM : substratum-attached material 
ative compartmental shift to a trypsin-access ible site upon 
keratinocy te differentiation . An analysis of heparan sul fa te 
structure by characteri za tion of the oligosaccharide prod-
ucts resulting from low pH nitrous acid deaminative deg-
rad ation provided evidence that the parent materi al from 
differentiated keratinocytes contains a larger region of N-
sul fa ted g lu cosa mine residues unassociated with es ter sul-
fate g roups . The correlation of variations in G AG content 
and co mpartm entaliza tion with the growth condition of 
human kera tin ocy tes constitutes ev idence that this heter-
ogeneous group of cell surface-associated ca rbohydrates is 
in vo lved in some as pect of cel l function associated with 
growth control or differentiation . Furthermore, the ap-
parent differences in heparan sul fa te primary stru cture in-
dicate that there is structure-function specificity to this 
association . J !rlll esf D ermato/ 88:215-219, 1987 
ture system , including the selective expression of cell membrane 
g lycoproteins as keratinocytes undergo maturation [4] . 
The synthesis of glycosa minoglycans (GAGs) has been shown 
to be a general cel lul ar fun ction [5,6]. In the nati ve state, most 
GAGs are synthesized in covalent linkage to a core protein, thereby 
constitutin g a pro teoglycan. Experim ental evidence has sugges ted 
that the proteoglycans, which include moieti es associated w ith 
th e pericellular matrix and those present as interca lated cellmem-
brane components [7], may fun ction in such cell-matri x inter-
acti ons as adhes ion and motility res ponses and possibl y in cell 
growth control (fo r review , see [5]). This communica tion de-
scribes the in vitro synth esis and compartm entaliza tion of GAGs 
by cultured human neonata l epiderma l keratinocytes in rapidl y 
proliferating (preconfluent) cells and in more completely differ-
entiated (confluent) cell s. We dem onstrate that durin g terminal 
differentiation of these keratinocytes, qualitative and quantitative 
alterations occur in the ce llul ar content of sul fated GAGs. These 
differentiati on-associated changes may have bio logic relevance for 
the different ad hesive, pro liferativc, morphologic, and biochem-
ica l characteristi cs of differentiated, as compared with prolifer-
ating, kera tinocy te populations. 
MATERIALS AND METH ODS 
Materials C hromatographic procedures utilized su perfll1e 
Sephadex G-sO, Sephadex G-2s, DEAE-Sephadex AsO (Phar-
ma cia Inc., Pisca taway, N ew Jersey) and Dowex 1 x 2 (200-400 
mesh, Bio Rad Laboratories, Ri chm ond , Ca li fornia). Markers for 
gel filtrati on included heparan sul fa te prepared from an Upjohn 
bovinc lung side fract ion as previously reported [8] and chon-
droitin-6-sulf:!te and human umbili ca l cord hya luroni c acid pur-
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chased from Sigma Chemical Company (St. Louis, Missouri) . 
Disaccharide and tetrasaccharide standards for the electrophoresis 
of nit ro us acid deamination produ cts have been previously de-
scribed [9]. D-[6-3H(N)] + Glucosamine HCI (30 Ci/mmol) and 
N alsSO'1 (1 C i/m mol) were products of New England Nuclear 
Corporation (Boston, Massachusetts). Ethylene glycol bis(beta-
aminoethyl ether) N , N / -tetraacetic acid (EGT A) was purchased 
from Sigma. T iss ue culture grade Petri dishes (Corning Glass 
Works, Corning, N ew York) and Dulbecco's modified Eagle 
medium were used for the tissue culture procedures . Penicil-
lin-streptomycin was obtained from Gibco. Coll agenase was ob-
tained from Cooper Biomedical (Malvern, Pennsylvania). He-
paritinase and heparinase were prepared as previously described 
[10); their substrate specificities are well characterized [10) . Chon-
droitinase ABC was purchased from Miles Laboratories, Inc., 
and Pronase was purchased from CalBiochem-Behring Corpo-
ration (La Jo lla, Ca lifornia). 
Keratinocyte Culture Primary human epidermal keratinocyte 
cultures were derived from neonatal fores kins, which were placed 
in medium with 20% fetal bovine serum, 0.4 ,ug/ml hydrocor-
tisone, and 100 U penicillin-l00 ,ug streptomycin/ml (complete 
med ium) immedi ately after circumcision. C ulture procedures fol-
lowed the method of Rheinwald and Green [11 ,12), as modified 
by Fleckman et al [1) and below. Foreskins were washed in HEPES-
buffered sa line (see [13)) , subcutaneous tissue trimmed away, the 
dissected skin rinsed in the HEPES, cut into 1 mm-wide strips , 
and incuba ted in collagenase (type 1,2.5 m g/ml) at 37°C for 1.5-2 
h. Ep idermal tissue was manuall y sepa rated from dermis and the 
epider m al cells dissociated by brief pipeting in 0.05% tryp-
sin-0.2% EDTA. Keratin ocytes were cen trifuged for 5 min at 
500 g, and pelleted cells were resuspended in co mpl ete medium 
containin g 10- 10 M cholera toxin and plated at 7 X 103 cells/cm2 
in Petri d ishes in which mitom ycin C-trea ted 3T3 cells had been 
seeded at 2 x 104/cm2 C ultures were incubated at 36.7°C in a 
humidifi ed atmosphere of air and 5% CO2 and fed twi ce weekly. 
Ten nanograms of epidermal growth £1ctor/ml medium was added 
3-5 days after plating. Kera tinocyte cultures were exa mined for 
morphologic evidence of differentiation by inverted phase con-
trast microscopy. Biochemical markers of differentiation, con-
sistin g of the 67 kD keratin and proftlagg rin , were monitored by 
immuno blot analysis of electrophoretically separated extracts of 
the cultures and by immunolocalization of profil agg rin-reac tive 
gra nules [1 ,2). Phase contrast microsco py showed no contami-
natin g fibrob lasts in the keratinocy te cultures. 
Labeling and Extraction of Keratinocyte-Derived GAGs 
Pairs ofkeratinocyte cultures in growth conditions of either active 
proliferation (preconAuent) o r terminal differentiation (1 week 
after con Auence) were labeled for their G AG content by a 48-h 
incubation with Na2[3SS]S04 (60 ,uCi/ ml) and [3H]glucosamine 
(10 /-LC i/ ml) in complete g rowth medium. The fma l specific ac-
tivity of the medium PSS)S04 was 69.8 mC i/mmol. Labeled GAGs 
were then extracted into several operationa ll y crea ted compart-
ments afte r the medium was removed and the dishes washed with 
HEPES buffer. According to methods previously described [14) , 
0.5 mM EGTA in the HEPES buffer was added to the dishes for 
45 min at 37°C and cell deta chment facil itated with a rubber 
po li ceman; cel ls were pelleted by centrifu ga tion (500 g for 5 min) 
and th e supernatant coUected as th e EGT A supernatant . The cell s 
were then treated with 0.25% trypsin in H anks' balanced salt 
solution for 20 min at 37°C and, after repeat cent rifuga ti on, the 
cell pellet and trypsin supernatant were separated. Finally , the 
labeled m ateri al remaining on the Aask surface was removed by 
treatment with 2% (wt/vol) sodium dodecy l sulfate for 30 min 
at 37°C; the res ultant prepara tions were designated the "substra-
tum-a tta ched niaterial" (S AM) after the nomenclature of Rosen 
and C ulp (1 5). As noted, we found it necessa ry to use th e rubber 
policeman to fu ll y detach the cells loosened by the EGT A; this 
procedure likely results in augmentation of labeled material pres-
ent in the EGT A supern atant at the expense of the SAM com-
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partment. The alternative option of enri chin g the SAM prepa-
ration with cells remaining attached after the EGT A step was 
deemed by us to be less desirable. 
Preparative GAG Isolation and Analytical Methods To each 
of the GAG preparations we added a mi xture of 1 m g each of 
hyaluronic acid, chondroitin 6-sulfate, heparan sulfate, and der-
matan sulfate as carriers. The preparations were then di gested 
with pronase (0.5 mg/ml, in 0.1 M Tris buffer, pH 7.3, for 1 day 
at 37°C, followed by a second addition of enzyme for another 
day), and residual protein was precipitated with 10% trichloro_ 
acet ic acid at 4°C for 1 day. The supernatants, after neutralization 
with sodium acetate, dialysis against doubly distilled water, and 
lyophiliza tion , were applied to a 1.0 x 3.0 cm column of Dow ex 
1 x 2, in 0.2 M NaCI, and eluted stepwise with 0.2,0.5, and 3.0 
M N aC I. Hyaluronic acid, present in the 0.5 M fraction , and 
sulfated GAGs, in the 3.0 M fraction , were desalted by dial ysis 
and applied to a 0.5 x 60 cm coluI11n ofSephadex G-SO superfin e 
equilibrated in 0.2 NaCI with 10% ethanol, eluted at Aow rates 
o f approximately 3 mllh, and collected in 0.8-ml fra ctions. The 
void volume fractions, determined by carrier GAG elution , were 
pooled after determination ofDPMs (disinteg rations per minute), 
dialyzed against water, lyophi lized, and then diges ted with chon-
droitinase ABC usin g standard procedures (14). After complete-
ness o f digestion was established by cellulose acetate electropho-
resis of carrier GAGs, the material was rechromatographed on 
Sephadex G-50. The rem ai nin g chondroitinase-resistant material 
(heparan sul fate) was then analyzed by either specific digestion 
with heparitinase and heparinase using previously reported con-
ditions (9) or by nitrous acid dea mination under the low pH 
conditions recommended by Shively and Conrad [16). Charac-
terization of the degradation products was by a combination of 
chromatogra phy on Sephadex G-25 and DEAE-Sephadex and 
electrophores is on Whatman 3MM paper usin g the conditions 
described by Gallagher and Walker [17] . Other general analytical 
methods are as previously referen ced [8,18,19] . 
RESULTS 
The experiments consisted of the labeling of duplicate pairs of 
primary keratinocyte cultures, with one of the pairs in a given 
experiment being subconAuent in a proliferative grow th phase 
and the other being conAuent for 1 week, growth-inhibited due 
to contact inhibition , and mo re terminally differentiated [2). Al-
though preliminary studies showed that para llel cultures of mi-
tomycin C -treated 3T3 cells sy nthesized no more than 10% of 
the GAGs synthes ized by the keratinocytes (data not shown), 
subsequent studies have utilized keratinocyte cultures that have 
beeD depleted of 3T3 cells by brief EDT A trea tment [20) prior 
to the addition of the isotopic precurso rs. This additional step 
obviates the potential difficulties in data interpretation when the 
rabeled m aterial has been derived from two sources . 
The isotopic data from the GAG-labeling of pairs of prolifer-
ating and differentiated keratinocy te cultures are contained in T a-
ble I, and these same data normalized to the DNA content of the 
cultures are presented in Fig 1. The average DNA content ob-
tained for the pair of proliferating cultures was 26 /-Lg , and that 
for th e differentiated cultures was 86 ,ug, per 60-mm (diameter) 
cul ture dish. Isotope incorporation in both Table I and Fig 1 is 
given for each of the 3 major GAG classes (hyaluronic acid , chon- 1 
droitin 4/6-sulfate, and heparan sulfate) segregated into the var-
ious compartments. Tota l labeled GAGs in the culture dishes, 
based upon the tritium label, increased an average of 59% from 
the proli ferative to the differenti ated state (1.48 X 106 vs 2.35 X 
106 DPMs), w hereas GAG/,ug DNA declined from 5.48 X 104 
to 2.73 x 104 . Hyaluronic acid was a relatively minor component 
of labeled GAGs, comprising approximately 11 % of total incor-
porated [3H)glucosamine under both grow th conditions . Most of 
this material (64% in the proliferatin g, and 50% in the differ-
entiated , cultures) was released into th e supernatant durin g the 
EGT A-mediated detachment of the keratinocytes (the EGTA Sll-
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Table I. Isotope In corporation Into Keratinocyte G [ycosa minog[yc3ns 
Growth 
ondition 
PreconAucllt 
ConAuent 
' Average va lues frol11 dupli ca te fl as ks. 
Compartment 
EGT A superna tant 
SAM 
Trypsin supernatant 
Cell pellet 
Tota ls: 
EGTA supernatant 
SAM 
Trypsin supernatant 
Cell pcllet 
Totals: 
IJH](DPMs x lO - J)" 
HA l> HSb 
109 174 
2.2 18.6 
22. 1 129 
37.5 65.3 
171 387 
1,480 
129 175 
16.3 208 
80.8 359 
32.7 218 
259 960 
2,350 
IJ5S](DPMs x IO - J)" 
CS I, HS CS 
325 58.6 91. 5 
41. 2 4.3 10.5 
234 33 62.7 
322 13 71. 7 
922 109 236 
345 
219 41.3 19.8 
198 55 43 
408 83.4 55 
306 3 1. 8 43.9 
"1,1 30 212 162 
374 
' Abbreviations: 1-1 A , hyalu roni c acid : J-1 S, heparan sul fa te; CS, chondroi tin or dermatan sul fates. 
pernatant compartment) . N orm a[i zed to DNA content of the 
dishes , the cellular content of h ya luroni c acid declined slig htl y in 
the differentiated cultures (Fig 1) . N ote that we have not studied 
the GAGs released into the m edium during the labeling period. 
Evidence presented from murine keratinocyte cultures has shown 
that m ost of the h ya luroni c acid that is synthesized appears in th e 
medium , rather than remainin g with the cell layer [21] . 
An apparent m arked decrease in cellular sulfated GAG content 
(i.e., normalized to the D NA content of the dishes) and differ-
PRE CONFLUENT CO NFLUENT 
12 
Q. EGTA-S e. EGTA-S 
8 
4 
0 
<I 4 z 
C) 
0> 
", 0 
" ::E 
a. 
C) 8 
,., 
'Q 
4 
0 
12 
8 
4 
0 HA HS CS HA HS CS 
GLYCOSAMINOGLYCAN 
Figure 1. Glycosam inoglycan biosynthes is ofkeratinocytes related to the 
DNA content of the cultures. Values for this histogram represent averages 
from duplica te cul tures. The IMIl eis 011 th e leji depict results from the 
proliferating, subconfluent cultures, and the palleis 0 11 th e rig /II depict results 
from the confluent , differentiated cultures. For each growth condition, 
the labeled GAGs have been segregatcd into 4 operationall y crea ted co m-
partments associated with the cel ls and extracellular matrices prior to the 
analysis. The Ope/! bars depict thc [JI-q glucosa mine content, and the stippled 
bars the rJ5Sjsulfate content, of thcse preparations. (H A, hyaluronic acid; 
HS, heparan sulfate; CS, chondroitin or dermatan sulfates; EC T A-S, 
EGT A supernatant; SAM, substratum-attached material extra cted with 
2% sodium dodecyl sulfate; TRYPS lN-S, tryps in supernatant; C P, cell 
pel let.) 
enCes in GAG compartmenta liza tion were o bserved after terminal 
differentiation of the cultures. For the galactosaminoglycans (either 
chondroitin or derma tan sulfate , sin ce cho ndro itinase AB C di-
ges ts all ga lactosaminoglyca ns), a 60-70% decrease in the differ-
entiated , compared with the prolife rative, g rowth conditio n was 
seen. Largely due to this substantial decline, the ga la ctosamino-
glyca n:heparan sul fate ratio shifted from average va lues of 
70/30% to 54/60% at conAuence . These percentage fi g ures are 
based on fraction of total tritium label present as sul fated GAG; 
sulfate label incorporation confirmed this trend (Table I). The 
trend toward decreased cellular sulfated GAG content was ob-
served for the GAGs present in all compartments except for that 
in the SAM. Differen ces in compartmentaliza tion were also ev-
ident for both su lfated GAGs (Fi g 1). In corporation of the labels 
into hepa ran sulfate and the chond ro itin sulfates shifted away from 
the cell pellet (chondro itin sul fates) and the EGTA supernatants 
(both GAGs) under proliferative conditio ns to the trypsin super-
natant compartments in the differentiated cultures. 
T he heparan sulfate preparations derived from the trypsin and 
EGT A supern atants (insufficient DPMs existed in the SAM frac-
tion s to provide m eaningful in formation) were poo led separately 
for each o f the two growth conditions and subj ected to low pH 
nitrous aci d deamin ative degradation . T he resultant o li gosac-
charide prod ucts were analyzed by a co mbination of gel fi ltration , 
anion exchange chromatograph y, and electrophoresis on 3 MM 
paper [17] . The data from this study arc presented in Table 11. 
Table II. H eparan Sul f.He Dea mination Products 
Product 
O ligosaccharides 
Tetrasaccharides: 
Nonsu lfa ted 
Monosulfated 
Oisulfatcd 
Trisulfatcd 
Disaccharides: 
NOl1sulfated 
Monosul fa ted 
Oisu lfa ted 
Totals 
"Not detected . 
IJHjGlucosamine Incorporation 
(O PMs X 1O - 3/perccnt of total) 
PreconAuent Confluent 
Cultures Cultures 
75.7/26% 13 1/26% 
75.3/29% 15 1/30% 
51.1/20% 40. 1/8% 
Trace 20. 1/4% 
NO" NO" 
10.4/4% 11 0/22% 
56.0/19% 45 .2/9% 
7. 1/2% 5.0/1% 
275.6/ 100% 502.4/100% 
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Under th e two keratin ocy te g rowth conditio ns, 26% of each 
prepara tion was degraded by the nitro us acid into produ cts o f 
hexasaccharid e size o r grea ter. This indi cates that the heparan 
sul fa te fro m the two g rowth conditions had an N-acetyl block 
regio n of approximately eq ual size. T he maj o r produ cts (> 40% 
of to tal label) fo r each preparatio n we re tetrasaccharid es , and there 
were differences in th e brea kdown in to no n- and mo nosul fa ted 
tetrasaccharides between the two so urces . Also , slightl y mo re (32 
vs 25%) di saccharide and sli g htl y less (42 vs 49% ) tetrasaccharide 
p rodu cts were fo rm ed by th e dea min ati ve degradation of hepar an 
sul fa te fro m the co nfluent, compared with th e preconfluent, cul-
tures. The m ajor distin ction , however , appears in the comparison 
o f th e vari o us disaccharid es: the heparan sulfate fro m the confluent 
cultures had n1.o re nonsul fa ted disaccharide (22 vs 4% ) and less 
(9 vs 19%) mo nosul fa ted disaccharide. 
DI SC U SSI O N 
In thi s repo rt w e describe biosy ntheti c changes in the GAG con-
tent o f hum an epidermal keratin ocy tes associated w ith their in 
vitro differenti ati on. The studi es sho w th at subconfluent, pro lif-
eratin g keratin ocy tes differ fro m th eir terminall y differentiated, 
conflu ent counterparts w ith respect to th e cellular content and 
compartm entalizatio n o f G AGs . O n a cellular bas is, we have 
fo und a substanti al decline in sulfated G AGs, and , in parti cular, 
the galactosa minoglyca ns (chondroitin and derm a ta n sul fa tes), as 
di fferenti ati o n p rog resses , resultin g in a relati ve increase in the 
heparan sul fa te/chondroitin sulfate ratio . 
A number of published studi es describe the biosynthesis o f 
GAGs in keratinocytes . T he ea rlies t o f these utilized pig skin 
o rgan cultures tq show that radio labeled sul fa te and glucosamine 
precurso rs inco rpora te into the GAGs o f the peri cellular do main 
o f all epiderm al layers except stratum co rneum [22-25] . Organ 
culture o f human skin prov ided evidence that keratinocyte GAGs 
are altered in the disease state of psori asis [26]. Recentl y, prolif-
eratin g hum an keratin ocytes cultured o n 3T3 feeder layers have 
been shown to sy nthesize a mix ture of hyaluroni c acid and the 
sul fa ted GAGs and to express them at th e level o f th e cell surface 
[27 ,28]. Furth erm o re, SV40 viral transfo rm atio n has been fo und 
to alter the G AG content of human keratin ocytes [29]. 
[t could be considered that arti fac ts such as a diffusio n barrier 
to the iso to pic precurso rs presented by cellular stratifi ca ti o n at 
conflu ence o r a decrease in effective pool size m ay explain the 
qu antitati ve diffe rences we have found between the two g ro wth 
conditio ns. We consider such explanatio ns to be unlikely. First , 
it has been shown th at stratifi ed keratinoc ytes do not present a 
di ffu sion barrier to sm all-M, molecules within th e medium [30) . 
Second , und er o ur conditio ns fo r th e G AG labeling o f cell lines, 
we have no t o bserved mo re than a 10-20% decrease in free iso to pe 
durin g the labelin g peri od (unpublished o bservatio ns), sugges ting 
th at the iso to pic pool is no t redu ced sufficiently to decrease its 
effective specifi c ac tivity. Furthermo re, th e existence of an ex-
tensive local sa lvage path wa y of G AG synthesis, also resultin g in 
a diminished specific ac tiv ity of the isoto pes and hence a fa lse 
apparent decrease in G AG synthes is, is unlikely since previous 
in ves tigato rs have repo rted w ith o ther cell lines th at there is es-
sentiall y no recycling o f membrane-associated heparan sulfate 
pro teoglycans which have been internalized; rath er, all such prod-
ucts either undergo co mplete intracellul ar degrad ation o r are se-
creted unchanged into the medium [31] . Finally, to tal incorpo-
rated label per culture dish actu all y increased 50 °/0. o r mo re from 
preconflu ent to confluent conditions (Table I) ; the decline in sul-
fa ted G AG content no rmali zed to a cell parameter (D NA content) 
is based upon the approximate 3-fold difference in cell number 
between the two growth conditions (Fig 1). Fo r these reasons, 
we suggest that the observatio ns refl ect a valid characteriza tio n 
of G AG synthesis commensurate with the differentiated state of 
human keratin ocy tes. It is interestin g to no te th at the g rowth-
rel ated va ri atio ns in GAG synth esis by th ese keratin ocytes are 
quite di fferent from th ose we have previ o usly repo rted fo r a 
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cutaneous fibro sa rco ma cell line [l4j, impl ying that G AG m e-
tabolism is pheno typically vari able between cell ty pes. 
In additi on to the qu antitati ve differences in sulfated G AG con_ 
tent, differences existed in the co mpa rtmentalizatio n of these sub_ 
stances between the proliferati ve and di fferentiated cultures. Par-
ti cul arl y, the chondroitin sulfates were fo und to shift positio n of 
relative predo min ance fr o m the EGTA supern atant and cell pellet 
preparations in the fo rmer growth condition to the trypsin su-
pern atant und er differentiated conditio ns. Furtherm o re, the maj o r 
fractio n o f each sul fa ted G AG was recovered in preparatio ns (the 
trypsin and EGT A supern atants) th at co ntain th e m oieties likel y 
associated w ith th e peri cellul ar do main and conti g uo us cell mem-
brane [1 4]. 
Finally , by th e use o f lo w pH nitrous acid dea mination , We 
have obtained evidence th at stru ctural differences exist between 
th e heparan sulfate species within the cell surface-associated prep-
arati ons as a consequence o f the g rowth conditi o n of th e kerat-
inocy te po pulati on. Preliminary 'data sugges t that m o re N-sulfate 
g roups and stretches of N-sulfate g ro ups un associated w ith an y 
ester sul fa tes o n either the glucosa ll1ine o r uroni c acid residues 
are found o n th e heparan sulfates synthesized under the conditio n 
of terminal differentiatio n. Referrin g to data in T able II fo r the 
di saccharid e products o btained fo llowin g dea min ati on, it is seen 
th at the ratios o f nonsulfated to 1l1 0nosulfated di saccharides are 
reversed between the two g rowth conditio ns. This co mparati ve 
difference provides substanti ation th at a tru e stru ctural difference 
exists between the two preparatio ns. During nitrous acid dea l11.-
inati ve degradation, N-sulfate g ro ups are rem o ved fro m the glu-
cosamine res idues conco mitant with cl eavage o f the conti guoll s 
g lycosidi c bo nds. Therefore, the presence o f a substantial amount 
of nonsulfated disaccharid e product indi cates th at the native, con-
flu ent keratin ocyte-derived , heparan sulfate polymer had a large 
stretch in whi ch the only sulfate g roups w ere th ose in amino 
lin kage to g lucosamine. [n general, the nitro us acid data pro vide 
evidence that vari ati ons in cell surface-associated heparan sulfate 
stru cture may correlate with the g rowth conditio n of keratino -
cytes. T he fun ctio nal signifi cance of these structural va riatio ns, 
whi ch refl ect differences in th e cll arge domains, is un certain , but 
our res ults sugges t th at there is specificity in the stru c-
ture-functio n relatio nships fo r G AGs th at are asso ciated with cell 
surfaces. 
T o our knowledge, res ults presented here constitute the first 
documentation that th e stru cture o f hepar an sulfate correl ates with 
differentiati o n o f a cell type. The onl y o th er analogo us study is 
the recent repo rt o f Fedarko and Comad [32), in which stru ctural 
differences in heparan sulfate w ere defin ed between g rowing and 
confluent cultures o f a rat hepatocy te cell line. T heir results and 
O UI results indi ca te th at the structure, as well as the ce llular con-
tent, of GA Gs may be impo rtant in respect to the fun ction of 
these complex carbo hydrates at the cellular level. 
O ther investi ga to rs have previo usly dem onstrated an associa-
tion of the sulfated GAGs with th e cell membrane, in a trypsin-
access ible site, fo r keratin ocytes [22] as w ell as other cell types 
[33]. At this locati on as m embrane-intercalated proteoglyca ns, 
GAGs are likely to fun ctio n in cellul ar processes o f adhesio n and 
in mo tility res po nses (34). This association pertains no t o nl y to 
heparan sulfate, which has received the most investigative scru-
tin y, but also to chond roitin sulfate [35). It is thus pl ausible that 
di fferences in the cellular content of th e sulfated GAGs and in 1 
th eir primary stru cture that we have demo nstrated in proliferating 
human keratinocyte cultures m ay have fun ctio nal rel evance in the 
spreadin g responses o f these growin g cell s or in th e detach-
ment- reatta chment cycle associated with mitosis. If true, an anal-
ogy may exist with respect to the fun ction of th ese substances 
between proliferatin g keratin ocy tes in vitro and in vivo conditions 
o f accelerated keratinocyte growth, such as those present with 
epitheli al mi g ration durin g w o und hea ling . Altern atively , cell 
surface-associated G AG could fun cti on in the control o f differ-
entiation by acting in concert with other mediators to signal ke-
ratinocytes to s tratify upon reachin g confluence. 
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